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Nov. 27, 1938 Born, London, England.
1958 BSc, University of New Zealand, Wellington, New Zealand.
1964 PhD, Physics, Cambridge University, Cambridge.
1964 – 1965 Research Associate, University of Chicago.
1965 – 2021 Research Associate to Associate Professor of Physics

(1965-1975); Professor of Physics, Laboratory of Atomic
and Solid State Physics (LASSP; 1975-1989); Director,
LASSP (1979-1984); Horace White Professor of Physics
(1990-2006); Horace White Emeritus Professor of
Physics (2006-2021), Cornell University.

1978 – 1997 Associate Director (1978-1989); Acting Director (1983
- 1984); and Deputy Director (1990-1997), CHESS, Cornell

University.
1984 – 1985 Visiting Fellow, Churchill College, Cambridge University.
1986 – 1987 Chair, Division of Condensed Matter Physics, APS
1987 Member, High Tc Superconductivity Committee, NAS.
1990 – 1992 Chair, Board of Trustees, Gordon Research Conferences
1997 Member, National Academy of Sciences.
1997 – 2000 Director, Cornell Center for Materials Research
Mar 15, 2021 Died, Ithaca, New York.

Nov. 27, 19381938 Born, London, England.Born, London, England.
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Ø Band overlap metallization

Element One Ø ‘Delayed’ onset of 
metallization in the solid

The 
Hydrogen 

pbA’s

N.W. Ashcroft, in Molecular Systems 
Under High Pressure (1991)C. Freidli & N.W. Ashcroft, Phys. Rev. B (1977)



Hydrogen Dominant Metallic Alloys: High Temperature Superconductors?

N.W. Ashcroft
Laboratory of Atomic and Solid State Physics, Cornell University, Ithaca, New York 14853-2501, USA

Donostia International Physics Center, San Sebastian, Spain
(Received 29 December 2003; published 6 May 2004)

The arguments suggesting that metallic hydrogen, either as a monatomic or paired metal, should be a
candidate for high temperature superconductivity are shown to apply with comparable weight to alloys
of metallic hydrogen where hydrogen is a dominant constituent, for example, in the dense group IVa
hydrides. The attainment of metallic states should be well within current capabilities of diamond anvil
cells, but at pressures considerably lower than may be necessary for hydrogen.

DOI: 10.1103/PhysRevLett.92.187002 PACS numbers: 74.10.+v, 71.30.+h

Recent observations of superconductivity in lithium at
high pressures [1–3] with transition temperatures Tc ris-
ing as high as 15 K appear to suggest that experimental
interest in the possibility of superconductivity in systems
involving the light elements at high densities may be well
merited. The extension to the light elements in combina-
tion has been potently illustrated with the discovery of
superconductivity at impressively high temperatures in
MgB2 [4], a system with eight electrons per unit cell
and in overlapping bands. In metallic form the lightest
of all elements, hydrogen, is predicted to be a super-
conductor [5] with high transition temperatures in mona-
tomic structures and even higher in structures where, in
band-overlap states, protons retain their pairing [6]. As
potential superconductors hydrides have also been raised
in the past [7] for moderate or relatively low hydrogen
content. The point in what follows is to consider eventual
metallic and superconducting states of mainly covalent
metallic hydrides, with even larger hydrogen content. It
will be illustrated in group IVa hydrides where for simple
structures, there are again eight electrons per unit cell. In
such combinations a critical observation is that in a
chemical sense hydrogen has already undergone a form
of ‘‘precompression’’ [8] and that once impelled by fur-
ther external pressure to enter a metallic phase the elec-
trons from both the hydrogen and the group IVa element
may participate in common overlapping bands. In-
dividually tin and lead are both superconductors, as are
germanium and silicon once impelled by pressure to enter
the metallic state.

The central physical feature of these systems is to be
found in the scales of energies associated with their lattice
dynamics. They are exceedingly high for the less massive
protons (as in metallic hydrogen) but there are also lower
frequency branches for the more massive ions, these hav-
ing much higher charges and leading also to ostensibly
stronger electron couplings. As sole constituents they
might well conform to strong-coupling superconductors
with phonons as exchange bosons. The overlapping bands
of the compressed hydrides will be wide, the density of
states generally high, and the electron-ion interactions,

from protons and group IVa ions, significant. Under con-
ditions of density where these systems would be described
as wideband insulators, or even semiconductors, simple
structures can lead to complete occupancy of four bands,
as would be the case in MgB2. It is clear that subsequent
attainment of a band-overlap state of contiguous bands
will lead to a compensated metal with a Fermi surface in
several zones, an important point for what follows since
this circumstance favors significant contributions from
umklapp (or interband) terms arising from the electron-
phonon coupling. Because of the dominance of umklapp
processes in this problem, the well known difficulty of
dealing quantitatively with these will eventually neces-
sitate more detailed assessments than are given here.

Given the wideband character of the metallic phases,
the Morel-Anderson or Coulomb pseudopotential !! en-
tering into approximations for the superconducting tran-
sition temperature is also expected to be favorable for the
onset of a superconducting phase, and especially so if the
structures taken up promote formation of a compensated
metal (an even number of electrons per unit cell is man-
dated). The arguments supporting metallic hydrogen as a
possible candidate for high temperature superconductiv-
ity should therefore carry through as well for these
hydrides but possibly with an additional physical boost
from the lower mode frequencies and the further possi-
bility of tuning them to values that are optimal in pursuit
of higher Tc’s. In terms of required pressures the onset of
the metallic phases may well occur at values considerably
lower than are required to drive hydrogen metallic, as
will be seen.

Let rs be the standard measure of the average valence
electron density for a system. Some important dynamical
energy scales can now be set; first, the proton plasmon
energy for a metallic state of hydrogen is (in Rydbergs)
!h!p;p " #me=mn$1=22

!!!

3
p

=r3=2s . Here mn is the mass of the
nucleon, me the mass of an electron, and !h!p;e the plas-
mon energy for electrons. Second, for a group IVa hydride
the equivalent energy for an acoustic plasmon, when Amn
is the mass of the nucleus involved, is (in Rydbergs)
#me=mn$1=22

!!!

3
p
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Ø Very high Tc hydrogen-dominant alloys

Ø Lowering solid metallization pressureElement One

N.W. Ashcroft, Physics World (1995)

“Reluctant alkali or a 
tenacious halogen?”

The 
Hydrogen 

pbA’s

Ø Mechanism of fluid metallization
W.B. Nellis et al., Phil. Trans. Royal Soc. (1996)
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And emergent 
phenomena 

along the way

Toward a New Periodic Table

M. Rahm et al., Chem. (2016); JACS (2019)

Bridgman Award Lecture (2003)

Ø Size and electronegativity of squeezed atoms

Ø White dwarfs as 
quantum crystalsØ Electronic order from the breakdown of atoms

G. Chabrier et al., Nature (1992)
Fate of astrophysical carbon



Interstitial Electron Localization: Lithium Cmca-4
Now predicted and found in numerous elements 

Ø Symmetry breaking and high-pressure electrides
Toward a New Periodic Table J.B. Neaton & N.W. Ashcroft, Nature (1999);

Phys. Rev. B (2001)
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”Check it out in Ashcroft and Mermin”

30,360 citations

David
Mermin

A Biographical Memoir by 
N. David Mermin 

©2023 National Academy of Sciences.  
Any opinions expressed in this memoir  

are  those of the author and do not  
necessarily reflect the views of the  

National Academy of Sciences.

Neil W. Ashcroft
1938–2021



''What we're see/ing here is one of the most exciting 
developments in decades,'' he said. ''It's utterly 
remarkable, and I think there's more to come.’’  
New York Times (Mar. 20, 1987)

Inspiring High Tc Superconductivity

Discovery of High Tc Cuprates

Chair of the APS DCMP and 
‘Woodstock of Physics’ (1987)

https://youtu.be/JcprXckcGrc
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Dedication to the Community 
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The Shock-Boys And The 
Squeezers Should be Friends  
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The Farmer and The Cowman 
Should be Friends  

9(61/"0134&03&05(&:3;;<410%&

!""#$%&&'''()*+"+,-(.*/&'0".!123456.'789):;



“””. . . perhaps the pressure of the air might have an interest in more 
phaenomena than men have hitherto thought.”

“Touching the Spring of the Air”                                   
New Experiments in Physics and Mechanics (1660)

.

Robert Boyle
1627-1691 

“”. . . More than three centuries later, we can see how right he was, as 
the systematic use of pressure has led to considerable insight into the 
properties of matter, especially its electronic properties.” 

Physics Today 51, 26-32 (1998)

Neil W. Ashcroft 
1938-2021 
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